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 The main challenge that facial recognition introduces is the difficulty of 
uneven lighting or dark tendencies. The image is poorly lit, which makes it 
difficult for the system to perform facial recognition. This study aims to 
normalize the lighting in the image using the Multiscale Retinex method. 
This method is applied to a face recognition system based on Principal 
Component Analysis to determine whether this method effectively improves 
images with uneven lighting. The results showed that the Multiscale Retinex 
approach to face recognition's correctness was better, from 40% to 76%. 
Multiscale Retinex has the advantage of dark facial image types because it 
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Biometric technology has made many advances. Biometric technology is a technology that utilizes 
individual physiological identities. One of the purposes of using biometric technology is to obtain a person's 
identity, such as fingerprints, eyes, voice, or face [1]. Facial recognition is a biometric technology used to 
identify a person's identity based on a feature on the face to differentiate between individuals. 
Face recognition systems are now increasingly being found in people's lives. One application of face 
recognition can be found in making National Identity Cards (KTP) and Passport [2]. There are two critical 
elements in the facial recognition system, namely, face detection and recognition processes. In the face 
detection process, the presence of a face in the input image can be found, making it easier for the next process, 
namely face recognition. 
This research will use the face detection method using Viola-Jones. The Viola-Jones method has an 
algorithm to detect each pixel from the input image into a face or not. After the face has been successfully 
detected, it will then be saved and given an identity. There are many techniques for performing facial 
recognition; Principal Component Analysis (PCA). PCA is used because it can reduce an object's dimensions 
and take essential characteristics of the object being processed. Therefore, the system will be recognized 
through PCA calculations' characteristics or features on the object. 
Several previous studies have successfully implemented the PCA algorithm for object recognition, 
including vehicle number plate detection [3], NTT woven cloth motif [4], signature identification [5], signature 
pattern [6], group facial recognition [7], and 3-dimensional facial recognition [8]. The accuracy rate resulting 
from the PCA method for facial recognition is also relatively high, ranging from 80% -90% [7]–[9]. 
Even though the facial recognition system has reached the application development stage, the face 
recognition system cannot be said to have run entirely. There are still many weaknesses that still need to be 
investigated. One of the problems that are still open to research is facial recognition with shooting situations 
that are not well-conditioned. Not well conditions happened because, in general, face recognition systems 
require taking facial images from a well-conditioned condition.  The face image is taken in a closed space with 
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even lighting. The face is facing the camera and a reasonably close distance from the camera. One of the 
problems faced by facial recognition in conditions that are not well conditioned is uneven lighting or dark 
[light, greetings]. The low lighting in Figure 1 is due to one of the reasons for taking images from a distance 
in an open space. Figure 1 Shows facial images from the Yale B database with changes in lighting caused by 
a light source at a specific position, which will give a significant difference. 
  
 
Figure 1. The same face images at different exposures [10] 
 
The lighting handling processes critical in Figure 1, it is necessary to have a method or approach that 
can improve image quality, especially in lighting normalization. Later, it can be used to help improve the 
accuracy of facial recognition systems. One of the methods that can normalize the lighting on the image is 
Multiscale Retinex. The advantage of the Multiscale Retinex method is that it can improve image quality by 




Multi-Scale Retinex (MSR) is a further development of the Single Scale Retinex method. Multiscale 
Retinex is probably the most successful center-surround image filter [12]. Several previous studies have used 
this method for image enhancement [11], [13]–[16], and video enhancement [17], [18] with several additional 
filters and other algorithms. The MSR method can also improve color in images [19]–[23], low illumination 
[24], [25], etcetera. 
Different scales are used and given different weights to combine the advantages and eliminate the 





𝑅𝑚𝑠𝑟𝑖  is the MSR output, which is the sum of the weighted SSR outputs. N is the number of scales used. Wn is 
the weight associated with the nth scale.  𝑅𝑛𝑖  is the output of SSR socialized with the nth scale. 
 
 
Figure 2. Multiscale Retinex [27] 
 
The type of research that will be used is using quantitative research methods with experimental 
research techniques. This study will test the lighting normalization method with Multiscale Retinex as an image 
improvement process before its facial recognition process. In this study, we will look for the effect of using 
variations in the facial image lighting used on facial recognition accuracy. In this study, the independent 
variable is the data set used, which includes the direction of the light source received by the face object in the 
image. At the same time, the dependent variable is the accuracy of facial recognition. The relationship between 





the independent variable face types and different light sources' direction affects facial recognition accuracy. 
Namely, the poor lighting conditions on a face object will cause the possibility of an identity error when the 
system carries out facial recognition. 
The object used in this study is a sample image contained in the face data of the Yale B Face Database 
[10]. The facial data is assumed to have been captured following the ISO / IEC 19794-5 standard. Each face 
data has a standard for facial recognition, which has an essential part in the composition of a face (eyes, nose, 
and mouth), facing straight ahead with different light sources and a full face. 
Data preparation is done by collecting data and selecting data to be used in conducting experiments. 
Data collection aims to collect the required data. This study's training data amounted to 50 images, and the test 







In this study, not all facial images were used. The face image used as training data is frontal (taken 
from the front) with illumination conditions from a point light source in a normal position. The test data is a 
frontal face image with illumination conditions from a point light source with a position varying from -1300 to 
1300 horizontally (azimuth) and -400 to 400 vertically (elevation). Each image in the face database already has 
the subject's identity in the image [5]. The entire face image is manually flattened, cropped, and resized to 
100x100 pixels. Figure 3 depicts the same image with different light levels. 
 
 
Figure 3. An example of a face image of a subject 
 
In this study, the experimental process is divided into three parts: the first scenario for the experiment 
without applying the normalization method of lighting so that the facial image will be detected and recognized 
by the system. The second is experimenting by normalizing the facial image before the detection and face 
recognition process is carried out. Multiscale Retinex method and the third is by separating the face image if 
the image is light, the normalization process will not be carried out. In contrast, for dark images, the 
normalization process will be carried out. The test image separation is carried out based on the average pixel 
intensity value in the experimental results of scenarios one and two. Data testing scenarios are depicted in 
Figures 4, 5, and 6. 
 
 
Figure 4. First Scenario 
 
 
Figure 5. Second Scenario 
 
 
Figure 6. Third Scenario 
As data for training, five subjects were prepared, with each subject having ten images so that a total 
of 50 facial images were used in the training process. The image used for training is a standard image with 
reasonably even lighting. The test data for the five subjects also came from the same data set. However, this 
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time even was lighting chosen. Instead, it used several images with five different lighting conditions (conditions 
1, 2, 3, 4, and 5 in Figure 7) so that there were 25 images to be tested. The indicators seen to perform analysis 
in each test scenario are the percentage of success (accuracy) in facial recognition. 
 
(1)             (2)  (3)   (4)      (5)  
Figure 7. Data training from one person 
3. RESULT AND DISCUSSION 
3.1 Result 
In the first scenario, the facial image will be tested directly on the facial recognition system. Whereas 
in the second scenario, the facial image will be normalized first before being recognized in the face recognition 
system (Table 1). 




                   1          2  3             4        5 
 
MSR image result 
     
                     1           2 3         4      5 
 
 
Table 2. Person 1 Experimental results 
No 
Name of Image 
Test 
Face Detection without 
MSR Normalization 
Recognized as 
Face Detection with 
MSR Normalization 
Recognized as 
1 Person 1 Detected  Person 1 Detected Person 1 
2 Person 1 Detected Person 1 Detected Person 3 
3 Person 1 Undetected   - Detected Person 1 
4 Person 1 Undetected   - Detected Person 1 
5 Person 1 Undetected   - Detected Person 1 
Accuracy  (2/5)*100 = 40% 80% 
 




1 2  3 4 5 
 
MSR Image Result 
        
1 2 3 4 5 
 
Table 4. Person 2 Experimental results 






Name of Image 
Test 







1 Person 2 Detected  Person 2 Detected Person 2 
2 Person 2 Detected Person 2 Detected Person 2 
3 Person 2 Undetected   - Detected Person 2 
4 Person 2 Undetected   - Detected Person 2 
5 Person 2 Undetected   - Undetected   - 
Accuracy  40% 80% 
 




         1           2 3 4      5 
 
MSR Image Result 
          
1 2 3 4 5 
 
 
Table 6. Person 3 Experimental results 
No 
Name of Image 
Test 







1 Person 3 Detected  Person 3 Detected Person 3 
2 Person 3 Detected Person 3 Detected Person 3 
3 Person 3 Undetected   - Detected Person 3 
4 Person 3 Undetected   - Detected Person 3 
5 Person 3 Detected - Detected - 
Accuracy 40% 80% 
 




         1           2 3 4      5 
 
MSR Image Result 
    
1 2 3 4 5 
 
 
Table 8. Person 4 Experimental results 
No 
Name of Image 
Test 







1 Person 4 Detected Person 4 Detected Person 4 
2 Person 4 Detected Person 4 Detected Person 4 
3 Person 4 Undetected - Undetected - 
4 Person 4 Undetected - Undetected - 
5 Person 4 Undetected - Detected - 
Accuracy 40% 40% 
Table 9. Comparison results of person 5 image normalization 
Person 5 
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         1           2 3 4      5 
 
MSR image result 
     
1 2 3 4 5 
 
 
Table 10. Person 5 Experimental results 
No 
Name of Image 
Test 







1 Person 5 Detected Person 5 Detected Person 5 
2 Person 5 Detected Person 5 Detected Person 3 
3 Person 5 Undetected  - Detected Person 5 
4 Person 5 Undetected - Detected Person 5 
5 Person 5 Undetected - Detected - 
Accuracy 40% 60% 
 
Based on the third experimental scenario (Figure 6), a separation of the test images already light and 
dark are carried out. In the image with lighting conditions 1, condition 2, and condition 3, the image will be 
immediately recognized without going through the Multiscale Retinex normalization process. In contrast, in 
the image with condition 4 and condition 5 in the image that tends to be dark, the Multiscale Retinex 
normalization process will be performed before the face recognition process is carried out.  
 
 
 1st condition   2nd condition   3rd condition   4th condition     5th condition 
Figure 7. Lighting conditions in person 1 
The division of light and dark images is based on calculating the average value, which is the intensity 
of each test image's pixels. The testing phase was carried out using five subjects, consisting of five different 
lighting conditions. Figure 7 (conditions 1–5) so that there were a total of 25 test data. Table 11 shows the 
results of the average value of pixel intensity in each test image shown in Table 11. The process of calculating 
the average value of each image pixel is carried out with the Matlab2019 program.  
 












Person 1 31.5938 25.3035 26.0314 21.6873 14.6617 
Person 2 30.5691 20.6134 24.0446 16.9153 10.1010 
Person 3 35.9389 28.5522 27.8294 19.5954 10.0197 
Person 4 35.0493 24.3594 25.6534 18.5483 10.2237 
Person 5 41.0301 36.3389 33.8164 25.2287 14.9142 
Average 34.83624 27.03348 27.47504 20.395 11.98406 
 
Based on the experimental results in scenario 3, the Multiscale Retinex normalization process is 
suitable for images with an average pixel intensity value starting from 0-27 and for an image that is already 
bright. In this case, it has an average pixel intensity value of 27-35 and above that is not. It is necessary to do 
the normalization process because the accuracy results given are following the experiment. It can be seen that 





the higher the average value in the image, the higher the brightness. Tabel 12 is the level of accuracy of the 
experimental results based on scenario 3. 
 
Table 12. The accuracy level of Person 1 – Person 5 
No Name of data Accuracy 
1 Person 1 100% 
2 Person 2 80% 
3 Person 3 80% 
4 Person 4 40% 
5 Person 5 80% 
 
3.2 Discussion 
Based on the results of experiments conducted for facial recognition, it can be seen that the type of 
lighting influences the accuracy of the system in identifying faces in the face image. Suppose the test image 
has sufficiently varied lighting conditions or tends to be dark. It can cause the system to be challenging to 
identify the face, so the face recognition process cannot be done optimally. Experimental results were obtained 
for facial recognition on the Yale B dataset based on the experimental scenario. The results show in Figure 8. 
 
Description: Blue: Without Multiscale Retinex (Scenario 1), Red: With Multiscale Retinex (Scenario 2), Green: Join 
method (Scenario 3).  
Figure 8. Diagram of the experiment result 
 
Figure 8 shows a graph of the accuracy of the facial recognition experiment results with input images 
in images without normalization, with Multiscale Retinex normalization, and join method. Conditions 1, 2, and 
3 were not normalized, while conditions 4 and 5 were normalized. Table 13 shows that with the method's 
application, Normalization of the Multiscale Retinex can increase facial identification accuracy in images with 
dark light conditions. However, there is no need to do the normalization process for images with bright light 
conditions because it can reduce facial recognition accuracy. 
Table 13. Results of Improved Face Recognition Accuracy 
 
No Data name Face Recognition Accuracy 
Without MSR Multiscale Retinex Join Method 
1 Person 1 40% 80% 100% 
2 Person 2 40% 80% 80% 
3 Person 3 40% 80% 80% 
4 Person 4 40% 40% 40% 
5 Person 5 40% 60% 80% 
 Total average 40% 68% 76% 
 
Overall, the Multiscale Retinex normalization method in the test image with varying lighting 
conditions tends to be uneven, increasing facial image recognition success from 40% to 68%. However, if both 
are done by separating the image in dark and bright lighting, it will produce better accuracy, namely 76%. It 
can be seen that the image processing process using the Multiscale Retinex Method for test images is suitable 
for the type of image with lighting that tends to be dark. For images with good lighting, there is no need for the 
Multiscale Retinex process. 
 
5.1.  Analysis of the Effect of Multiscale Retinex on Face Recognition 
Based on the results of experiments that have been carried out, it is known that the Multiscale Retinex has 
advantages in the dark type of input image. The MSR method can produce a brighter image output without 
changing the image's original color (see Figure 9). However, the drawback of the MSR method lies in the input 
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image with relatively bright conditions. It happened because the resulting image output will be brighter and 





Figure 9. Multiscale Retinex results in a dark image 




Figure 10. Multiscale Retinex results in a relatively bright one 
Based on the theory in Chapter II. The scaling properties of the Multiscale Retinex are local, so the 
processing for each pixel only takes into account the area around the pixel in the image. The greater the 
parameter value in sigma, the larger the local area will be illuminated. 
An image histogram is a graph that shows the distribution of the values of the pixel intensity. With 
the histogram, it can be seen the brightness of an image. This analysis compares the histogram from the original 
image with the histogram of the image from the Multiscale Retinex process. Images that have lighter or darker 
contrast or brightness have a narrower histogram. The histogram is visible only in some areas of the degree of 
gray. A right image should have a histogram that fills the gray degree area with an even distribution of each 
pixel intensity. The image below compares the original image histogram and the image produced by the 
Multiscale Retinex method. 
 
 
Figure 11. The results of the original image histogram 
 
 
Figure 12. The results of the MSR image histogram 
 





The histogram stack of the original image and the image resulting from the Multiscale Retinex process 
shows a difference. The Multiscale Retinex image has a broader and more distributed histogram on the right. 
From the results of the 25 entered test images, it is found that the image histogram from the Multiscale Retinex 
process is better or evenly distributed when compared to the original image in poor lighting conditions or tends 
to be dark. 
 
4. CONCLUSION 
The application of the Multiscale Retinex method can properly normalize the lighting on various facial 
images so that the success of face detection and recognition can be increased. The greater the sigma (σ) value 
used, the brighter and smoother the image will be. The experimental results show the results of the accuracy 
of three scenarios ranges between 40%-76%. The type of lighting influences the success rate of face 
recognition. Suppose the test image has sufficient lighting conditions or tends to be dark. In that case, it can 
make it difficult for the system to identify the face, so the facial recognition process cannot be carried out 
optimally. Further research, we suggest using several faces in one image.  
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